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ABSTRACT
Although gait problems have been reported in patients with lower limb lymphedema (LLL), the gait 
pattern (GP) changes have not been documented yet. However, it is possible that patients with LLL 
show abnormal GP that can be related to biomechanical complications related to osteoarthritis or 
falls affecting the quality of life. Ground reaction force analysis during gait allows objective assess-
ment of the patients and it can be used to plan a rehabilitation approach. Objective: To analyze 
the GRF during gait in patients LLL. Methods: An experimental descriptive study was realized with 
twenty-three LLL patients, both unilateral and bilateral and classified as moderate and severe, par-
ticipated in the experiments. The patients walked on a force plate while the three ground reaction 
force (GRF) components, vertical, mediolateral (M-L) and anteroposterior (A-P), under their feet 
were recorded and analyzed. Results: In the patients with unilateral lymphedema, either moder-
ate or severe, the vertical GRF components of the affected limb were similar to the sound one and 
also resembling those found in healthy adults. The M-L GRF was smaller in the non-affected side. 
In patients with bilateral lymphedema gait speed was significantly slower. More interestingly, the 
vertical GRF pattern was flat, not showing the typical 2-peak shape. Finally, the large M-L forces 
found suggest gait stability problems. Conclusions: The patients showed abnormal GRF patterns, 
including compensation with the non-affected leg. The GRF variability was higher in the patients 
with severe unilateral lymphedema. Bilateral lymphedema results in lower A-P forces. Stance 
phase duration was longer in patients with bilateral and severe lymphedema.
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INTRODUCTION
Lymphedema is the swelling of a body 
part, usually arms or legs, due to the accumu-
lation of lymph fluid. This is a chronic and pro-
gressive condition that requires specific ma-
nagement for a lifetime and has several com-
plications from a biomechanical point of view 
that has not been receiving much attention in 
the literature. The gait pattern (GP) of patients 
with lower limb lymphedema (LLL) has been 
barely studied despite a common consensus 
in the medical community with respect to the 
presence of abnormal motion in these patien-
ts. Biped locomotion is a characteristic way 
human gait that can be regarded as a quasi-cy-
clical movement with sequential alternative 
stance and swing of one foot or both1,2 in order 
to displace the body while maintaining upright 
balance. It is possible to measure the ground 
reaction forces (GRF) during gait that are rela-
ted to the acceleration of the total body cen-
ter of mass.3 The force platforms measure the 
three-dimensional GRF components: antero-
posterior (A-P), mediolateral (M-L) and verti-
cal. Other devices, such as plantar pressure in-
soles, only record the vertical GRF component, 
although with optimization methods they can 
be used to estimate the complete GRF.4
Several chronic and disabling complica-
tions of LLL have been reported in the medical 
literature.5,6 However, up to date, none has 
focused on the lymphedema complications 
from a biomechanical point of view. In the li-
terature, the orthopedic problems related to 
lymphedema have been barely addressed. A 
poor mobility may worsen the edema which, 
in turn, impairs the range of motion of the 
joints. Therefore, it is possible that edema 
of the legs restricts the motion of hip, knee 
and ankle joints, thus affecting the GP. A pro-
per understanding of the orthopedic findings 
should therefore be considered in the diagno-
sis and treatment of lymphedema.7 Gait can 
be affected by lymphedema and an adequate 
gait function has been reported as the best 
determining factor of quality of life.8
Although gait problems have been repor-
ted in patients with LLL, the analysis of their 
GP has been based on qualitative assessmen-
ts.9,10 A preliminary study with a small num-
ber of patients pointed out that patients with 
lower limb lymphedema showed abnormal 
GRF11 that might cause biomechanical compli-
cations and these may affect self-dependence 
and quality of life. The GP analysis is an im-
portant tool to assess and follow-up patients 
and it is very useful to plan therapeutic and 
rehabilitation programs. However, up to date, 
there is no study of the gait biomechanics of 
lymphedema patients.
If we consider that the increase in mass 
in lymphedematous limb(s) could be similar 
from a biomechanical point of view, to a type 
of overweight/obesity, it can be expected that 
LLL patients also show similar GP to those pre-
viously documented in overweight/obese po-
pulation.12-16 Their walking speed is slower2,3, 
their stride length is shortened,15,16 and their 
step width is wider.17-18 They adapt the GP to 
minimize the consequences of the higher ver-
tical and propulsive ground reaction forces 
(GRF) in the musculoskeletal system. Moreo-
ver, they have problems to maintain medio-
lateral balance as indicated by the M-L GRF.19
The biomechanical analysis of gait in lym-
phedema patients has, to our knowledge, not 
been published yet. It can be hypothesized 
that the leg mass increased by lymphedema 
has several implications on the biomechanics 
of gait with altered GRF patterns, and these ef-
fects may be dependent on the severity of the 
lymphedema and its side, whether unilateral 
or bilateral.
In the case of unilateral lymphedema, it 
can be hypothesized that the mass increase 
of the affected leg may cause gait asymmetry. 
This asymmetry would affect the step length 
as well as the GRF patterns with differences 
in the M-L forces of both legs. Regarding the 
bilateral lymphedema, it is expected that gait 
would be similar to the gait of obese people, 
as they share some common aspects related 
to overweight of both legs.
OBJECTIVE
The objective of this study was to analyze 
the ground reaction forces (GRF) during gait in 
patients with lower limb lymphedema (LLL).
METHODS
An observational study was conducted to 
assess gait abnormalities in patients with LLL.
The study procedures were conducted in 
accordance with the ethical guidelines of the 
local hospital and with the Helsinki Declara-
tion. All the patients voluntarily participated 
in the study and signed an informed consent 
form agreeing that their data could be used 
for research purposes.
The inclusion criteria were patients with 
LLL in one or both legs, primary or secondary, 
and degrees II, III or IV, where degree II is clas-
sified as an early edema and IV, severe edema 
with elephantiasis. A group of medical doctors 
and physical therapists determined the degree 
of lymphedema by clinical examination. The 
first author participated in all assessments. 
The exclusion criteria were: inability to walk 
independently, use of walking aids (e.g. cru-
tches), severe orthopedic or neurologic con-
comitant diseases (e.g. osteoarthritis, lumbar 
radiculopathy).
Twenty-three patients from the Lymphe-
dema Rehabilitation Unit of the La Fe Hospital 
volunteered for the study. The demographic 
and clinical characteristics of the patients are 
shown in Table 1. These parameters include: 
age, body mass index (BMI), gender, duration 
of the disease, number of lymphangitis atta-
cks, absolute leg volume and excess volume 
in unilateral patients. There was a majority of 
females, the total median age was 53.1 years 
(range 17-77), lymphedema was secondary 
in 13% and primary in 87% of the patients; 
lymphedema chronicity was 22.9 years; mean 
baseline EV was 31.6592 ml lower limb lym-
phedema (LLL).
Clinical assessment
The volume of the limbs was assessed and 
calculated based on the Kuhnke formula.20 
Tape perimeter measurements were taken 
starting at the dorsum of the foot, at the 
ankle and they were repeated every 4 cm in 
the proximal direction until the hip. The disk 
model is regarded as the method of choice in 
clinical practice.21,22 Excess volume (EV) is the 
absolute amount of edema which is calculated 
as the difference between lymphedematous 
and healthy limb volume in unilateral cases. 
Patients were classified in 4 groups according 
to their clinical characteristics (patient type) 
in order to manage the analysis from a clinical 
point of view unilateral moderate lymphede-
ma, unilateral severe lymphedema (elephan-
tiasis), bilateral moderate lymphedema and 
bilateral elephantiasis. It was considered as 
elephantiasis when the percentage of EV was 
above 35% from the healthy limb in unilate-
ral lymphedema, and when the volume was 
above 10 liters in bilateral cases according to 
previous work.23
Experiments and Biomechanical 
assessment
The patients walked with their preferred 
flat-sole shoes at self-selected speed on a for-
ce plate (NED/IBV AMH, IBV, Valencia, Spain) 
while the GRF under the foot were recorded in 
consecutive walking trials. A minimum of five 
correct foot contacts inside of the platform for 
each foot were considered.
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more variable in the non-affected leg (Figure 
1). While the unilateral patients, either seve-
re or moderate, showed the typical M-shaped 
pattern of the vertical GRF with two peaks cor-
responding to weight acceptance and push-o-
ff, the bilateral patients showed a flat force pa-
ttern that was more evident in the severe ca-
ses (Figure 1). The unilateral patients showed 
a high degree of similarity between affected 
and non-affected legs. However, the variability 
in the severe cases was larger especially at the 
initial loading and push-off peaks.
The M-L GRF were smaller in the non-af-
fected side, while the patterns were similar 
to those of healthy gait (Figure 2). The patter-
ns of the bilateral moderate indicated more 
asymmetry and showed larger values with lar-
ger variability.
With respect to the A-P GRF, that reflected 
the forward braking and acceleration of the 
body center of mass, it must be noted that the 
patients with bilateral lymphedema showed 
lower A-P forces (Figure 3).
Relation between GRF parameters of the 
gait and the type of LLL patient.
There was a significant linear tendency be-
tween the four groups of lymphedema patien-
ts and the speed (Table 2), the gait was slower 
when the lymphedema was more severe and 
affected both limbs.
The stance phase duration was signifi-
cantly longer in patients with bilateral and 
severe lymphedema than in the other groups. 
For the lymphedematous limbs, it was ob-
served a significant linear tendency between 
the groups of lymphedema patients and the 
braking force normalized to the subject wei-
ght, the pushing force and push-off (Table 
2). No differences were found between the 
groups with respect to the mid-stance forces.
The braking force was lower when lym-
phedema affects both limbs and was more 
severe, and pushing as well as push-off also 
decreased in bilateral and severe cases. A de-
tailed analysis of the GRF of typical cases of 
each LLL revealed interesting patterns.
Unilateral severe (elephantiasis)
Regarding the A-P forces, both legs 
showed high degree symmetry: the curves of 
the right and left legs were very similar and 
relatively small (Figure 3). The M-L force com-
ponents show a clear asymmetry between the 
affected and the non-affected limb that has a 
lower magnitude (Figure 2).
The vertical GRF were symmetric between 
the right and left legs (Figure 1). The affected 
leg showed an impulsive load during heel con-
tact reflected in the peak of the vertical force 
Table 1. Characteristics of the lymphedema patients
Total Unilateral Moderate Unilateral Severe Bilateral Moderate Bilateral
n 23 5 5 6 7
Age (median, range) 53.1 (17-77) 34.3 (17-55) 49.4 (39-77) 53.3 (40-67) 58.9 (45-75)
Gender:
Male 6 (26.1%) 3 (60%) 2 (40%) 1 (16.7%) 0
Female 17 (73.9%) 2 (40%) 3 (60%) 5 (83.3%) 7 (100%)
Weight (mean, 95%CI) 89.7 (82.4-96.9) 76.4 (62.0-90.8) 88.4 (67.7-109.1) 88.7 (69.7-107.6)
100.9 (92.9-
108.9)
BMI (mean, 95%CI) 34.6 (31.9-37.2) 26.4 (24.4-28.3) 32.2 (23.5-40.9) 36.7 (31.8-41.6) 40.3 (37.9-42.7)
Duration (years) 
(mean, 95%CI)
22.9 (17.4-28.4) 15.5 (6.8-22.2) 20.2 (8.2-32.3) 15.1 (5.2-25.0) 37.4 (26.5-48.3)
Lymphangitis attacks 
(mean, 95%CI)
7.4 (4.2-10.6) 10.6 (1.4-19.8) 7.4 (2.0-12.8) 0.2 (0.0-0.4) 11.3 (3.4-19.2)
Etiology: 
(Number, percentage)
Primary 20 (87%) 4 (80%) 4 (80%) 5 (83.3%) 7 (100%)
Secondary 3 (13%) 1 (20%) 1 (20%) 1 (16.7%) 0
Absolute volume 
(ml) (mean, 95%CI)
10682 (9474-
11889)
9467 (6057-12877) 14490 (8032-20948) 7360 (5986-8734)
13324 
(11641-15008)
Excess Volume (ml) in 
unilateral (mean, 95%CI)
3165 (1587-4743) 1677 (570-2785) 5103 (1246-8960)
Percentage of EV 
(mean, 95%CI)
30.4 (20.9-39.9) 21.1 (9.9-32.4) 45.7 (34.3-57.2)
BMI: Body Mass Index; EV: Excess volume
The patterns of the three components of 
the GRF were analyzed considering the hypo-
theses formulated about the potential gait dis-
turbances of patients with lymphedema in the 
lower limb.
The valid GRF recordings for each subject, 
distinguishing between healthy and affected 
legs, were normalized by the body weight and 
converted to percentage of the stance phase. 
Then, the recordings were averaged by patient 
and the following parameters were retained 
for further analysis: braking and propulsive or 
pushing peak forces from the A-P component 
of the GRF as well as the swing and push-off 
force from the vertical GRF. In addition, the 
gait speed and the average stance duration for 
each patient were also recorded.
Statistical analysis
The results of descriptive analysis were 
presented in terms of central tendency and 
dispersion (mean, median, 95% confidence in-
terval) for continuous variables, and the abso-
lute and relative frequencies were calculated 
in the case of categorical variables.
The continuous variables were: gait speed, 
stance duration, and the GRF parameters nor-
malized to body weight. The categorical varia-
bles were: affected limbs (unilateral/bilateral) 
and severity of lymphedema (severe/moderate).
A one-way ANOVA with LSD post-hoc test 
of the gait parameters (speed, stance duration 
and GRF parameters) was performed conside-
ring the type of lymphedema as a factor (four 
levels: unilateral/bilateral and moderate/seve-
re). Only the parameters corresponding to the 
affected limbs were considered. In addition, 
the linear tendency between the four catego-
ries of lymphedema was analyzed. The data 
also complied with the requirements for ANO-
VA that are normality of the data (Kolmogoro-
v-Smirnov test) and homogeneity of variances 
(Levene’s test). If these tests were significant 
(p≤0.05) for any analysis of variance we used 
a non-parametric analysis with Kruskal-Wal-
lis Test and Jonckheere-Terpstra test for the 
linear tendency analysis. A two-way ANOVA 
was conducted to compare the GRF parame-
ters of the affected and the healthy limbs and 
their interaction with lymphedema severity. 
The SPSS statistical package version 15 (SPSS 
Inc, Chicago, IL, USA) was used in the patient 
database and the statistical analysis.
RESULTS
Gait speed was significantly lower in the 
severe bilateral lymphedema patients than in 
the other groups, while there were no diffe-
rences between the remaining three groups. It 
must be noted that the variability was higher 
in the patients with severe unilateral lymphe-
dema (Table 2). The analysis of the vertical 
GRF graphs showed that these forces were 
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loading. It must be noted that the curve was 
not as “flat” as in the bilateral case, but the 
valley occurring during single stance was not 
very evident.
Bilateral lymphedema
Gait was slow and the vertical GRF pattern 
was flat in both legs, not showing the typical 
2-peak shape (see Figure 1). Large M-L forces 
were found (see Figure 2).
DISCUSSION
GRF patterns
Patients with lymphedema showed dis-
tinct gait patterns (GP) as reflected in the grou-
nd reaction forces (GRF) during gait. They pre-
sented large vertical force loads with elevated 
rate of loading and high foot contact peaks. 
This was due to the large weight of the patien-
ts and, particularly, to the high weight of the 
limb. In addition, they showed a cautious GP, 
characterized by slow speed and short steps 
with long stance time. The data suggested that 
the most important factor impairing gait was 
related to lymphedema affecting one (unilate-
ral) or both limbs (bilateral) and, afterwards, 
to the level of severity.
The vertical GRF showed clear patterns 
in which the normal M-shape was becoming 
more and more flat on the bilateral patients 
depending on the severity. This flat pattern is 
typical of people walking at low speeds that 
do not transfer abruptly the weight from 
one leg to the other during double stance.1 
Usually, steps are shorter and the low gait 
speed is due to the longer duration of the dou-
ble stance phase. Although this was the case 
for the severe bilateral patients, the mode-
rate bilateral cases had no speed differences 
with the other groups (moderate and severe 
unilateral). However, it must be noted that all 
lymphedema patients walked, on average, at 
slower speed, as compared to values obtained 
from healthy adult populations.12,16,24 These 
data can be compared with those obtained 
from the gait of obese people.17 The volume 
and weight increase of the affected edema-
tous limb, results in an overweight. Due to 
this overweight, the gait patterns of obese 
patients could be similar to the lymphedema 
patients. Stance time and speed in study of 
Spyropoulos et al.17 were, respectively, 0.77 
s and 1.09 m/s in obese people, and 0.64 s 
and 1.64 m/s in non-obese. These values are 
similar to those found in our study. The lowest 
mean value of stance time was 0.75 s in bila-
teral moderate and the largest one was 0.91 s 
Table 2. Relation between the gait and ground reaction force parameters and the type of 
lymphedema
Gait 
parameters 
(mean, 95%CI)
Unilateral 
moderate
Unilateral 
severe
Bilateral 
moderate
Bilateral 
severe P value of LTd
All
 
Speed (m/s) 1.02 (0.88-1.17)
0.97 
(0.78-1.16)
0.91 
(0.76-1.06)
0.45 
(0.27-0.63) p<0.0001
b,c.d
Stance time (s) 0.78 (0.71-0.86)
0.78 
(0.73-0.84)
0.75 
(0.67-0.82)
0.91 
(0.85-0.97) p=0.019 
b,c.d
Only in 
lymphedematous 
limbs
Braking force 
(A-P)
0.18 
(0.09-0.27)
0.17 
(0.10-0.23)
0.12 
(0.10-0.15)
0.08 
(0.06-0.10) p<0.0001
a,b,c,d
Pushing force 
(A-P)
0.18 
(0.11-0.25)
0.16 
(0.08-0.25)
0.16 
(0.12-0.19)
0.08 
(0.06-0.10) p=0.001
b,c,d
Push- off (Ver-
tical)
1.09 
(1.01-1.18)
1.07 
(0.93-.1.21)
0.99 
(0.93-1.06)
0.99 
(0.97-1.00) p=0.018
a,b,c
Mid-stance 
(Vertical)
0.82 
(0.71-0.92)
0.81 
(0.69-0.94)
0.80 
(0.73-0.87)
0.84 
(0.76-0.93) p=0.79
LTd: Linear tendency; asignificance in multiple comparison test between unilateral moderate and bilateral moderate; bsignificance in multiple 
comparison test between unilateral moderate and bilateral severe; csignificance in multiple comparison test between unilateral severe and bilateral 
severe; dsignificance in multiple comparison test between bilateral moderate and bilateral severe.
Figure 1. Average GRF recordings (a) unilateral, (b) bilateral of the vertical forces from pa-
tients with (a) unilateral and (b) bilateral lymphedema grouped by severity per the clinical 
assessment: Moderate (upper graph) and severe (lower graph) for both limbs: affected (left 
side) and non-affected (right side). Forces are normalized with regarding body weight (N/
BW). The solid line indicates mean and the dotted lines the standard deviations.
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M-L forces are directed to the median plane 
of the body, left and right feet have opposite 
directions. Larger excursions in these forces 
suggest that gait is performed with a broader 
base of support and larger inclinations of the 
body center of mass to the frontal plane. This 
can be seen in the unilateral cases, where the 
M-L forces of the affected limb are higher. The 
larger lateral inclination of the body could be 
related to a mechanism to improve stability.
GRF parameters
Several GRF parameters of LLL patients 
reported in this study are very similar to the 
values found in obese16 and different from the 
values of non-obese population.28 The vertical 
push off in bilateral groups (0.99) was lower 
than the values found in normal population 
(1.11) and even lower than those found in 
obese people (1.05). A similar aspect occurred 
with the A-P pushing force. In this case, the 
bilateral severe lymphedema patients (0.08) 
showed lower values than obese subjects 
(0.19), whereas the value differences in the 
other lymphedema groups were not as evi-
dent (0.18 and 0.16 in the unilateral moderate 
and severe, respectively, as show in Table 2).
Case study 1: Unilateral Severe
The M-L forces were not symmetric and 
they were larger in the affected leg. This indi-
cated a GP with large M-L acceleration of the 
center of mass (COM) possibly related to trunk 
inclination and stability. It might be regarded 
as less stable because the COM is accelerated 
in the M-L axis asymmetrically, for instan-
ce with large trunk oscillations in the frontal 
plane, making the person more prone to fall 
sideways.
The vertical GRF were very symmetric be-
tween the right and left legs (see Figure 1). This 
indicates that there were compensatory me-
chanisms of gait. The affected leg showed an 
impulsive load during heel contact due to the 
high weight of the leg. This was reflected in the 
peak of the vertical force loading. It must be no-
ted that the curve was not as “flat” as in the bi-
lateral case, but the valley occurring during sin-
gle stance was not as evident as in the normal 
cases. This suggested that, like in the bilateral 
patients, the steps are of relatively short length 
with prolonged double stance phases.
Case study 2: Bilateral lymphedema
Gait was slow and the vertical GRF pattern 
was flat in both legs, not showing the typical 
2-peak shape (see Figure 1). This might be re-
lated to flat foot with reduced ankle mobility. 
It was unclear if the mobility of the ankle was 
Figure 2. Average GRF recordings (a) unilateral, (b) bilateral of the mediolateral (M-L) forces 
from patients with (a) unilateral and (b) bilateral lymphedema grouped by severity per clini-
cal assessment: Moderate (upper graph) and severe (lower graph) for both limbs: affected 
(left side) and non-affected (right side). Forces are normalized regarding body weight (N/
BW). The solid line indicates mean and the dotted lines the standard deviations.
in the bilateral severe lymphedema; the speed 
ranged from 0.45 (bilateral severe) to 1.02 
m/s (unilateral moderate), as shown in Table 
2. The sample of patients with lymphedema 
had a high body mass index (BMI) and some of 
them could be classified as obese. The lymph 
accumulation could be a confounding factor 
of obesity that must be considered in future 
studies. First, the excess of mass, either fat or 
lymph, is distributed differently in obese and 
LLL patients. While the excess of mass in LLL 
patients is distal, that is concentrated in the 
leg(s), in obese patients, either gynoid or an-
droid, the mass excess is more proximal to the 
center of the body. Second, there is an interac-
tion between lymphedema and obesity, and it 
has been reported that an excess of fat causes 
inflammatory processes that affects the lym-
phatic vessels function.25-27
It can also be hypothesized that the fact 
that the unilateral cases, either moderate or 
severe, showed vertical GRF patterns close 
to normal, could be attributed to a compen-
sating mechanism with the non-affected leg. 
It must also be noted that the “flat” shape of 
these forces could be related to a significantly 
slower walking speed, such as in the severe 
bilateral cases.
The M-L forces are related to gait stability 
and to the width of base of support. As the 
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Figure 3. Average GRF recordings (a) unilateral, (b) bilateral of the anteroposterior (A-P) for-
ces from patients suffering (a) unilateral and (b) bilateral lymphedema grouped by severity 
per clinical assessment: Moderate (upper graph) and severe (lower graph) for both limbs: 
affected (left side) and non-affected (right side). Forces are normalized regarding body wei-
ght (N/BW). The solid line indicates mean and the dotted lines the standard deviations.
reduced due to the edema or it was mecha-
nism to minimize the excessive loads at wei-
ght-bearing and take-off caused by the weight 
of the patient. Therefore, it seems that, as a 
mechanism to minimize the GRF, the patient 
walked very slowly. Finally, the large M-L (see 
Figure 2) forces found in the study may be 
related to an increased base of support (due 
to the large volume of the leg) with slow gait 
speed, suggesting gait stability problems.
In general, it can be stated that gait dis-
turbances worsened with the increase of BMI. 
In the present study, and in agreement with 
previous articles regarding obese people,12 the 
lowest gait speed, vertical and AP push off for-
ces were found in bilateral severe group.
It is possible that edema may modify the 
range of motion of the joints; therefore, for 
future studies it is suggested to evaluate the 
range of motion of the joints of patients with 
lymphedema along with a complete analysis 
of the gait patterns measuring motion and the 
GRF with two force plates.
Some of the possible consequences of the 
altered GRF patterns could be related to articular 
degeneration due to large impulsive loads, gait 
stability problems and risk of falling. It must be 
noted that the cautions GP described here has 
certain similarities with the idiopathic senile gait, 
associated to the elderly at risk of falling.12,13 In 
this respect, it seems sensible to study the inci-
dence of falls in the patients with lymphedema.
CONCLUSIONS
Gait of lower limb lymphedema patien-
ts was slower with shorter steps resembling 
gait of obese patients. Unilateral lymphedema 
showed asymmetry in the M-L forces, with hi-
gher GRF variability in the severe cases. Bila-
teral lymphedema results in lower A-P forces. 
Stance phase duration was longer in patients 
with bilateral and severe lymphedema.
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